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Measurements o f  l o c a l  c o n c e n t r a t i o n s  of  e l e c t r o n s  and 

i o n s  i n  t h e  o u t e r  ionosphere  (over  t he  F-region & i o n i z a t i o n  m a x i -  
mum) were c a r r i e d  ou t  du r ing  the p a s t  t h r e e  y e a r s  i n  t h e  S o v i e t  

Union a t  v e r t i c a l  l aunch ings  of geophys ica l  r o c k e t s  of t h e  USSR 
Academy of Sc iences ,  aboard the t h i r d  E a r t h ' s  a r t i f i c i a l  s a t e l l i t e  

and by means of  t h e  f i r s t  t h r e e  cosmic r o c k e t s .  

Speaking of measurements o f  l t l o c a l l l  c o n c e n t r a t i o n s ,  w e  

have i n  mind measurements c o n s i s t i n g  o f  a s e r i e s  of determina- 

t i o n s  of charged p a r t i c l e  concen t r a t ion ,  each of  which i s  r e l a t e d  

t o  s u f f i c i e n t l y  a c c u r a t e l y  known h e i g h t ,  does n o t  r e q u i r e  any 

a s s o r t e d  o r  assumed l a w  of v a r i a t i o n  wi th  a l t i t u d e  o r  h o r i z o n t a l l y ,  

does n o t  u t i l i z e  i o n o s p h e r i c  s t a t i o n  meausrements, and is n o t  t h e  

r e s u l t  of  s t a t i s t i c a l  p rocess ing  of  a s e r i e s  of any nonsimultaneous 

measurements . In o t h e r  words, eve ry  de t e rmina t ion  of  c o n c e n t r a t i o n  

is e n t i r e l y  l o c a l i z e d  i n  space and t ime. 

The agreement o f  t h e  r e s u l t s  o f  t h e  i n d i c a t e d  experiments  

allows t h e  c o n s t r u c t i o n  of  an exemplary p a t t e r n  o f  charged p a r t i c l e  
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d i s t r i b u t i o n  i n  h e i g h t  i n  t h e  i o n i z e d  gas enevelope of  t h e  E a r t h ,  

t h e  de te rmina t ion  o f  i ts  boundary, and t h e  r e a c h i n g  of  some con- 

c l u s i o n s  on t h e  degree of i ts  c h a n g e a b i l i t y  at v a r i o u s  h e i g h t s .  

1. RESTJLTS OF MEASUREMENTS CONDUCTED CITIi THE RELP OF RADIOKAVES 
EMITTED FROM GEOFHYSICAL ROCKETS. 

Three coherent  radiowave t r a n s m i t t e r s ,  wi th  f r e q u e n c i e s  o f  

24, 48 and 144 mc/s have been i n s t a l l e d  aboard every  geophys ica l  

r o c k e t  o f  t h e  USSR Acadeny of  S c i e n c e s ,  l aunched  n e a r l y  v e r t i c a l l y  

t o  450- 470 k m  a l t i t u d e s .  A t  r e c e p t i o n  o f  t h e s e  radiowave a t  s e -  

v e r a l  p o i n t s  o f  t h e  E a r t h ' s  s u r f a c e  ( i n c l u d i n g  p o i n t s  near  t h e  ver- 

t i c a l  p r o j e c t i o n  of t h e  summit of r o c k e t ' s  t r a j e c t o r y )  determina- 

t i o n s  of  f r e e  e l e c t r o n  c o n c e n t r a t i o n s  at v a r i o u s  h e i g h t s  are c a r r i e d  

o u t  by means of  two methods. One of  them is  based upon t h e  de errnina- 

t i o n  of  radiowave d i s p e r s i o n  ( i n  p a i r s  at 144- 48 mc/s and 144 - 2 4  

mc/s f r e q u e n c i e s ) ,  and t h e  o t h e r -  on o b s e r v a t i o n s  of  t h e  Faraday 

e f f e c t  

For  t h e  de te rmina t ion  o f  d i s t r i b u t i o n  i n  h e i g h t  o f  f r e e  

e l e c t r o n s '  c o n c e n t r a t i o n s  by observa t ions  of  radiowavest p o l a r i -  

z a t i o n  plane r o t a t i o n ,  i t  is  s u f f i c e n t  t o  conduct t h e s e  on one-fre- 

quency radiowaves , s i n c e  t h e  r o c k e t s  u t i l i z e d  a r e  f u l l y  s t a b i l i z e d  

o v e r  t h e  f r e e  f l i g h t  p o r t i o n  (i. e. t h r e e  mutua l ly  p e r p e n d i c u l a r  

axes, r i g i d l y  connected w i t h  the rocke t  do n o t  change t h e i r  o r i e n -  

t a t i o n  r e l a t i v e  t o  t h e  system of  c o o r d i a n t e s  l i n k e d  w i t h  t h e  E a r t h  

d u r i n g  f l i g h t  t i n e ) .  That  i s  why t h e  d i f f i c u l t i e s  connected w i t h  

t h e  s e p a r a t i o n  of Faraday e f f e c t  from t h e  e f f e c t  o f  r o t a t i o n  o f  t h e  

r a d i a t i n g  antenna,  are a b s e n t ,  and t h e  measurement of t h e  t u r n  of 

radiowavest p o l a r i z a t i o n  plane by any of  t h e  e m i t t i n g  f r e q u e n c i e s  

a t  p a s s i n g  by t h e  r o c k e t  o f  a c e r t a i n  a l t i t u d e  i n t - r v a l  allows t o  

determine t h e  mean e l e c t r o n  c o n c e n t r a t i o n  over  t h a t  i n t e r v a l .  A 

d e t a i l e d  d e s c r i p t i o n  o f  t h e  appara tus  a p p l i e d  f o r  such experiments  

h a s  been publ i shed  i n  re ference  Ell. 
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The d i s t r i b u t i o n  i n  he igh t  o f  e l e c t r o n  c o n c e n t r a t i o n ,  

determined by phase measurement of radiowave d i s n e r s i o n  du r ing  

t h e  l aunch ing  of  t h e  rocket  on 21 February 1958 t o  470 km, was 
pub l i shed  i n  E21 and r epor t ed  t o  t h e  Vth General  Assembly of  t h e  

IGY i n  &scow i n  August 1958. However, comparison of  t h e  r e s u l t s  

F ig .  1. Curves o f  e l e c t r o n  d e n s i t y  
dependence on a l t i t u d e ,  ob ta ined  
by  t h e  d i s p e r s i o n  method. 
1 - 21 Feb.1958., 11 40 hours .  
2 - 27 Aug. 1958, 08 06 hours ;  
3 - 31 Oct ~ 9 5 8 ,  15 54 hours.  

ob ta ined  on 2 1  February  1958 
wi th  t h o s e  ob ta ined  du r ing  

t h e  l aunch ings  of two such 

r o c k e t s  on 27 August and 31 
October  1958, is o f  i n t e r e s t .  

The t h r e e  r o c k e t s  were laun-  

ched above t h e  ve ry  same geo- 

p h y s i c a l  p o i n t  ( a t  mid- la t i tu -  

des  o f  t h e  Euronean SSSR), and 

measurements of e l e c t r o n  con- 

c e n t r a t i o n  viere conducted by 

t h e  same method, u s ing  i d e n t i -  

c a l  dev ices .  During each laun-  

ch ing  rad iosoundings  o f  t h e  iono-  

s p h e r e  were conducted from t h e  

ground w i t h  t h e  a i d  o f  a iono- 

s y h e r i c  s t a t i o n  n e a r  t h e  l aun-  

ch ing  pad. I n  all cases  e l ec -  

t r o n  c o n c e n t r a t i o n  m a x i m a  measu- 

r e d  at r o c k e t  l aunch ing  c o r r e s -  

ponded w e l l  t o  t h e  c r i t i c a l  f r e -  

quencies  of  t h e  F-layer .  

Three d i s t r i b u t i o n s  i n  h e i g h t  

o f  e l e c t r o n  c o n c e n t r a t i o n ,  ob ta ined  du r ing  t h e  i n d i c a t e d  l aunch ings  

a r e  p l o t t e d  i n  Fig.  l., t h e  time shown be ing  l o c a l  t i m e .  
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e ,  m a x  e r;ax 
j where h is t h e  a l t i t u d e  i n  km o f  mx 

The t u r n s  of  t h e  p o l a r i z a t i o n  p lane  o f  radiowaves were 

measured i n  all c a s e s  s imul taneous ly  with measurements o f  t h e i r  

d i s p e r s i o n .  To compare t h e  r i - s u l t s  ob ta ined  by phase measurements of 
radiovrave d i s p e r s i o n  and by measurements of t h e  Faraday e f f e c t ,  

dependences o f  e l e c t r o n  c o n c e n t r a t i o n s  on a l t i t u d e ,  ob ta ined  on 
27 August 1958 through measurements of  r o t a t i o n  o f  radiowaves'  pola-  

r i z a t i o n  p l ane  :.;ith t h e  frequency f = 48 mc/s, and through phase 

~ 

measurements ( d o t t e d  l i n e )  a r e  

p l o t t e d  i n  F i g . 2 .  The l e n g t h s  

o f  t h e  v e r t i c a l  c u t s  correspond 

t o  a l t i t u d e  i n t e r v a l s ,  f o r  t he  

c r o s s i n g  of which t h e  p o l a r i z a t i o n  

p l a n e  of  radiowaves i s  d e f l e c t e d  

by t h e  angle 8=a. 

Fig. 1 c l e a r l y  shows t h a t  

t h e  v e r t i c a l  g r a d i e n t s  o f  t h e  

e l + c t r o n  c o n c e n t r a t i o n  i n  t h e  

o u t e r  ionosphere  r eg ion ,  l y i n g  

i m e d i a t e l y  above t h e  i o n i z a t i o n  

maximum o f  t h e  F- layer ,  va ry  i n  
t h e  s t r o n g e s t  f a sh ion  as a func- 

t i o n  of  t h e  €ime of  t h e  day and 

y e a r .  

To c h a r a c t e r i z e  t h e  iono- 

s p h e r e  c h a n g e a b i l i t y  i n  t h a t  r e -  

g i o n ,  we compiled i n  T F b l e 1  t h e  
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There i s  no p o s s i b i l i t y ,  w i t h i n  t h e  bounds o f  t h e  pre-  

s e n t  r e p o r t ,  t o  dwell  upon ques t ions  connected with t h e  e r r o r s  

o f  o u r  measurements based upor o b s e r v a t i o n s  of radiowaves e m i t t e d  

from a l t i t u d e  r o c k e t s .  These cjuesticns are examined i n  E 1 1  and C31. 
L e t  u s  only  p o i n t  o u t ,  t h a t  the  proximi ty  o f  rocke t  t r a j e c t o r y  t o  

t h e  v e r t i c a l  is t h e  most impor tan t  c i rcumstance i n  connec t ion  wi th  

which no assumptions have t o  be made concern ing  t h e  maynitudes of  

hor izonta l .  g r a d i e n t s  o f  n o r  account  f o r  t h e  r e f r a c t i o n ,  when 

p r o c e s s i n g  t h e  r e s u l t s  o f  measurements. 
e '  

T A B L E  1 

Date 

2 1  February  .... 
27 August ...... 08 06 1.08 
31 August ...... 1 1554 

i 

2. RESULTS O F  MEASURYFIENTS OF THE CONCENTRATION 
OF POSITIVE IONS ni BY THE METHOD OF SFHZRICAL I O N I C  TRAPS 

ABOARD THE THIRD EARTH'S ARTIFICIAL SATELLITE 

Experiments on p o s i t i v e  i o n  concen t r a t ion  a long  t h e  o r b i t  

o t  t h e  t h i r d  AES were conducted between 15 may and 3 June 1958. 
A l l .  t h e  d a t a  used below and r e l a t e d  t o  these  experiments  were ob- 

t a i n e d  i n  daytime (from 05 00 t o  1 7  00 h r s  Moscow t ime)  from t h e  

ionosphe re  r eg ion  up t o  1000 k m  l y i n g  above t h e  p o r t i o n  o f  t h e  

ground l i m i t e d  by t h e  coord ina te s  from 30 t o  175' and from 

25 t o  65' 
The d e s c r i p t i o n  o f  the  experiment  has  been pub l i shed  i n  

1957 [41, and more than  once reproduced c5, 63. That  i s  why we 

s h a l l  o n l y  remind t h a t  t h e  measurements o f  podt5ve i o n  concent ra -  
t i o n s  were made by way of t & i n g  down i0ni . i  volt-ampere c h a r a c t e r i -  
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t o  t h i s  experiment ,  and obta ined  d u r i n g  

t h e  f l i g h t  of  t h e  t h i r d  s a t e l l i t e ,  t h e r e  

were more than  10000 i o n i c  Volt-ampere 

and i t  a t t e s t e d  about  t h e  e x i s t e n c e  at 
t h a t  h e i g h t  of  an e l e c t r o n  c o n c e n t r a t i o n  

5 -3 n d1.8 b 1 0  cm . i 
As t o  t h e  t o t a l  p rocess ing  o f  all 

o b t a i n e d  primary i n f o r m a t i o n ,  i t  r e s u l t e d  

wery cumbersome, and i t  is  ending j u s t  now. 

We have no p o s s i b i l i t y  of  d i s c u s s i n g  i n  t h e  

p r e s e n t  r e p o r t  a l l  q u e s t i o n s  connected w i t h  

t h e  method o f  d e t e r m i n a t i o n  of p o s i t i v e  i o n  c o n c e n t r a t i o n  i n  an 
undis turbed  ionosphere by t h e  volt-ampere c h a r a c t e r i s t i c  ( n i  ), 

and more p a r t i c u l a r l y  t h e  ques t ion  o f  account ing  t h e  e f f e c t  o f  i o n  

thermal  v e l o c i t i e s  on t h e  r e s u l t s  of  process ing .  These q u e s t i o n s  

a r e  examined i n  C63. L e t  u s  only n o t e  

ni d e t e r m i n a t i o n  c o n s i s t s  i n  t h e  measurement of  t h e  s t e e p n e s s  of  

t h e  i o n i c  volt-ampere c h a r z c t e r i s t i c ' s  l i n e a r  p o r t i o n  i n  t h e  r e g i o n  

o f  p o s i t i v e  i o n  d e c e l e r a t i o n  and  i n  t h e  u t i l i z a t i o n  o f  t h e  cor re-  

0 

t h a t  t h e  b a s i c  method of  

1 a t i o n  

d l  
where 2 is t h e  steepness o f  t h e  i n d i c a t e d  p o r t i o n  0 2  t h e  c h a r a c t e -  dv 
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r i s t i c ;  V c , , i s  t h e  speed  o f  the s a t e l l i t e ;  a( is  t h e  t r anspa rency  

o f  t h e  l a t t i c e d  envelope;  S is t h e  s u r f a c e  of  t r a p ' s  c r o s s  sec -  

t i o n ;  e is t h e  charge o f  t h e  e l e c t r o n  ; m i s  t h e  mass of t h e  

i o n .  
i 

L e t  us  n o t e ,  t h a t  accord ing  t o  d a t a  o f  t h e  i o n  m a s s  s p e c t r o -  

meter  i n s t a l l e d  aboard t h e  t h i r d  AES, t h e  atomic oxygen i o n s  con- 

s t i t u t e  no t  l e s s  t h a n  90 percent  of  t h e  t o t a l  number o f  i o n s  from 

250 t o  1000 km h e i g h t s  L7]. 
I n  a s e r i e s  of  ca ses  cornParison was made of q u a n t i t i e s  n i  

d e t e r r d n e d  by t h e  i o n  t r a p  d a t a  from t h e  t h i r d  AES a t  i ts  p a s s i n g  

t h e  r eg ion  of  F - l aye r  i o n i z a t i o n  maximum with t h e  r e s u l t s  of  s i m u l -  

t aneous  measurements o f  c r i t i c a l  f r equenc ie s  by ground i o n o s p h e r i c  

s t a t i o n s  s i t u a t e d  n e a r  t h e  s a t e l l i t e ' s  p a t h .  The d a t a  on c r i t i c a l  

f r e q u e n c i e s  of  t h e  F - l aye r  du r ing  s a t e l l i t e ' s  p a s s i n g  a t  a l t i t u d e s  

n e a r  300 km i n  t h e  n o r t h e r n  reg ions  were determined by i n t e r p o l a -  

t i o n  o f  data of i o n o s p h e r i c  s t a t i o n s  at Murmansk, Salekhard , T i k s i  B. 
and Providence Bay, and f o r  t he  s a t e l l i t e ' s  p o s i t i o n  s o u t h  of  40' 
by e x t r a p o l a t i o n  of d a t a  of the  Ashkhabad i o n o s p h e r i c  s t a t i o n  

(southernmost  i n  t h e  U S S R )  and of world network s t a t i o n s .  

0 

C e r t a i n  examples of  such coEparison a r e  compiled i n  Table 2. 

T A B L E  2 
PI--.-- 

.... --.- . . . I--_ . .  . - . ~ ,  . -  .T ..--.--..--, :'-Tr--- - .  I 
Coordina tes  of the  

s at. I1 i t  e 

I 

i L 
b j l  1012 288 

1 2  02 

i 1 8 /  1039 ~ 356 65.1 114.6 
I 

121 1 9 00 311 27.5 i 43.9 

9.6 
7.5 

18.0 1 14.0 

j 
705 i 8.5 

I * 
accord ing  t o  d a t a  from ionoepher ic  s t a t i o n s .  
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From t h e  examples brought o u t  one may s e e  t h a t  t h e  va lue  

o f  e l e c t r o n  c o n c e n t r a t i o n  n determined a c c o r s i n g  t o  d a t a  o f  

i o n  t r a p s ' a b o a r d  t h e  s a t e l l i t e  is c l o s e  with a p r e c i s i o n  t o  2 5 %  

t o  t h a t  e l e c t r o n  c o n c e n t r a t i o n  determined accord ing  s imul taneous  

o b s e r v a t i o n s  of t h e  ionosphere by ground s t a t i c n s  o f  t h e  same geo- 

g r a p h i c a l  r e g i o n .  S ince  l o c a l  c o n c e n t r a t i o n s  are determined wi th  

t h e  a i d  of t r a p s ,  and t h e  mean c o n c e n t r a t i o n s  i n  a l a r g e  r e g i o n  of  

t h e  ionosphere  ( d e f i n e d  by t h e  f i r s t  F r e s n e l  zone f o r  t h e  wavelength 

cor responding  t o  f c r )  - by the i o n o s p h e r i c  s t a t i o n s  d a t a ,  t h e  agree- 

ment of t h e  r e s u l t s  may be considered as s a t i s f a c t o r y .  

io' 

Hence, t h e  fo l lowing  conclusions may be made : 

1. Even if t h e y  a r e  p r e s e n t ,  n e g a t i v e  i o n s  i n  t h e  F-region 

o f  t h e  ionosphere e x i s t  o n l y  i n  i n s i g n i f i c a n t  q u a n t i t i e s  ( s i n c e  t h e  

measured e l e c t r o n  concent ra t ions  a r e  about equal  t o  tho= of p o s i t i v e  

i o n s  ) . 
2. The i o n i z a t i o n  of  n e u t r a l  p a r t i c l e s  of t h e  a i r  does n o t  

exer t  a n o t a b l e  e f f e c t  on t h e  r e s u l t s  o f  me<surements  of n wi th  

t h e  a i d  of  i o n  t r a p s  because of s a t e l l i t e  motion. 
i 

The absence of  s i g n i f i c a n t  q u a n t i t i e s  of  n e g a t i v e  i o n s  i n  

t h e  o u t e r  ionosphere provides  t h e  b a s i s  t o  e s t i m a t e  t h a t  t h e  measu- 

r e d  v a l u e s  o f  p o s i t i v e  i o n  concent ra t ion  may s imul taneous ly  be cons i -  

d e r e d  as v a l u e s  of e l e c t r o n  concent ra t ion .  

A s u b s t a n t i a l  number o f  d i s t r i b u t i o n s  of  p o s i t i v e  i o n  con- 

c e n t r a t i o n  d o n g  p o r t i o n s  o f  s a t e l l i t e ' s  o r b i t  p a s s i n g  i n  t h e  i n d i -  

c a t e d ' r e g i o n  of t h e  ionosphere was obta ined  a6 a r e s u l t  o f  proces- 

s i n g  of primary experimental  d a t a .  S ince  t h e  v e r t i c a l  v e l o c i t y  of  

t h e  s a t e l l i t e  is s u b s t a n t i a l l y  l e s s  t h a n  t h e  h o r i z o n t a l ,  no a l t i t u d e  

dependence could be o u t l i n e d  i n  a c l e a r  form from t h e  obta ined  d i s -  

t r i b u t i o n s  o f  p o s i t i v e  i o n  concent ra t ion  along p o r t i o n s  of  s a t e l l i -  

t e ' s  o r b i t .  The r e s u l t s  ob ta ined  n e a r  t h e  p e r i g e e ,  where s a t e l l i t e ' s  

v e r t i c a l  v e l o c i t y  i s  p a r t i c u l a r l y  l o w ,  a r e  evidence of  t h e  e x i s t e n c e  
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o f  s i g n i f i c a n t  h o r i z o n t a l  g r a d i e n t  of charged p a r t i c l e  concent ra -  

t i o n .  However, d e s p i t e  t h e  presence of  

h o r i z o n t a l  v a r i a t i o n s  of  ni, t h e  p l o t -  

t i n g  of  t h e  r e s u l t s  of measurements i n  
t h e  sys tem of  c o o r d i n a t e s  ( h ,  n i ) ,  where 

h i s  t h e  h e i g h t  above t h e  ground, i s  of  

unques t ionab le  i n t e r e s t .  Although subs tan-  

tial h o r i z o n t a l  v z r i a t i n n s  a re  superimpo- 

s e d  on t h e  a l t i t u d e  cour se ,  such graphs 

s t i l l  must c o r r e c t l y  r e f l e c t  t h e  a l t i t u -  

de course  o f  n , provided they  a r e  some- 

what smoothened, s i n c e  at a l t i t u d e  v a r i a -  

t i o n s  by hundreds o f  k i l o m e t e r s ,  t h e  con- 

c e n t r a t i o n  n v a r i e s  by one o r d e r ,  while 

v a r i a t i o n s  a long  t h e  h o r i z o n t a l  a r e  s i g n i -  

f i c a n t l y  l e s s e r .  A s  t o  t h e  small n. v a r i a -  

t i o n s  w i t h  h e i g h t ,  t h e i r  s e p a r a t i o n  from 

t h o s e  a long  t h e  h o r i z o n t a l  cannot be made 

d u r i n g  measurements by means o f  t r a p s .  

i 

i 

1 

P l o t t e d  a r e  i n  Fig. 4examples  o f  

v a r i a t i o n  of  p o s i t i v e  i o n  concen t r a t ion  n 

w i t h  h e i g h t ,  r e l a t e d  t o  t h e  5 t h  convolu- 

t i o n  o f  t h e  3rd  AES around the  E a r t h  on 

i 

h. xu I 

Fig. 4. 
Distribution of concentration 
i n  height of posi t ive ions: 
1 - 5th revolution 15 May 

- 19 - 2 - 56th 
3 - 68th - 20 - 

15 May at 17 0 0 h o u r s  (graph  l), t o  a p a r t  o f  t h e  56th and 68 th  

c o n v o l u t i o n s ,  r e s p e c t i v e l y  o f  19 May at 11 00 hours  and of  20 May 

a t  0 9 0 0 h o u r s  (g raphs  2 and 3 ) .  A s e r i e s  of  o t h e r  graphs  of  n i (h)  

r e l a t e d  t o  va r ious  p e i g h t s  and d i f f e r e n t  s a t e l l i t e  convo lu t ions  

a rounf  t h e  E a r t h  were publ i shed  i n  C61, and p a r t  o f  t h e  m a t e r i d l s  

h a s  now been made ready  f o r  p u b l i c a t i o n .  

To c h a r a c t e r i z e  t h e  degree  of  ionosphere  c h a n g e a b i l i t y  

above 500 km, we compiled i n  Table  3 t h e  fo l lowing  v a l u e s  obta ined  



10. 

I I I I 

I 
- 

I I I 

accord ing  t o  d a t a  a t  t imes of d i f f e r e n t  s a t e l l i t e  convoLutions 

f o r  two a l t i t u d e  i n t e r v a l s  (from ho= 500 km to ho+ h = 600 km 

and from ho = 600 km to ho + h = 700 km) 
1. ni (ho) - t h e  i o n  c o n c e n t r a t i o n  a t  t h e  a l t i t u d e  h,. 

T i m e  
Moscow Date 

1958 

2. The r e l a t i v e  decrease of n a t  a l t i t u d e  i n c r e a s e  t o  i 
100 k m ,  i . e .  

c 

Arii / l i  ( / / ( I )  -- / l i  (It0 i- Ah) 
--= 

,'i (Id 

Number I 
convol. I 

o f  

3 .  The mean value o f  t h e  g r a d i e n t  o f  i o n  c o n c e n t r a t i o n  

f o r  a l t i t u d e  i n c r e a s e  by 100 km, expressed  i n  ~ r n - ~ k r n ' ~  , i, e. 

18 .v 10 30 42 

T A B L E  3 * >  

0.32 0.83 2.6 I 

A l t i t u d e  
i n t e r v a l  

k m  

19 .V 11 00 56 4.2 I 0.33 1 e39 

500 +600 

600-c 700 

* >  The v a l u e s  i n  t h e  last column of  T ' b l e  3 d i f f e r  somewhat from 
t h o s e  brought o u t  i n  t h e  Cospar Symposium Reports  (Aeerdam,  1961) 
where i n a c c u r a c i e s  were admit ted by a u t h o r ' s  f a u l t .  

v 
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3. DATA ON CHARGED P A R T I C Z E  CONCENTRATION I N  THE 
P E R I P H E R A L  REGION O F  T H E  I O N I Z E D  GAS ENVELOPE O F  THY EAF?I" 
ACCORDING T O  T H E  RESUETS OF E X F E R I Y i N T S  WITH CHARGED P X M ' I C L E  

TRAPS ON SOVIET COSMIC ROCKETS.  

The c o l l e c t o r  c u r r e n t  o f  every  i o n  t r a p  i n s t a l l e d  aboard 

t h e  t h i r d  AES w a s  t h e  sum of  two components : Ii c r e a t e d  by t h e  

a tmospher ic  "thermal1f i o n s ,  and  I,, determined by t h e  e f f e c t  o f  

s o l a r  u l t r a v i o l e t  r a d i a t i o n  and charged e n e r e g t i c  p a r t i c l e s  upon 

t h e  c o l l e c t o r .  The r a t i o  3 must dec rease  as t h e  i o n  co:centration 

dec reases  wi th  a l t i t u d e  i n c r e a s e ,  and t h e  de t e rmina t ion  o f  nimay 

become d i f f i c u l t ,  and even imposs ib le  f o r  s u f f i c i e n t l y  s m a l l  

I O  

Ii. 
That  is why t h e  n e c e s s i t y  a r i s e s  t o  change t h e  t r a p ' s  con- 

s t r u c t i o n  f o r  t h e  measurement of low i o n  c o n c e n t r a t i o n s  ( f o r  example 
ni C lo3 cmo3 1: namely by i n t r o d u c i n g  a t h i r d  e l e c t r o d e  - an addi-  

t i o n a l  g r i d ,  i n s t a l l e d  between t h e  c o l l e c t o r  and t h e  e x t e r n a l  g r i d .  

A r a t h e r  g r e a t  n e g a t i v e  p o t e n t i a l  is f e d  on t h a t  g r i d  r e l a t i v e  t o  

t h e  c o l l e c t o r ,  c r e a t i n g  an  e l e c t r i c  f i e l d  which overwhelms t h e  pho- 

t o  e l e c t r o n  emiss ion  and t h e  secondary emiss ion  of  e l e c t r o n s  from 
t h e  c o l l e c t o r  appea r ing  under the  e f f e c t  o f  e n e r g e t i c  charged p a r t i -  

c l e s .  

Such type of  t r a p s  were i n s t a l l e d  on S o v i e t  cosmic r o c k e t s  

p e r m i t t i n g  t o  r e g i s t e r  weak c u r r e n t s ,  induced by fluxes o f  v a r i o u s  

charged p a r t i c l e s  at d i f f e r e n t  p o r t i o n s  of  t h e s e  r o c k e t s '  t r a j e c t o -  

r i e s ,  i n c l u d i n g  t h e  c u r r e n t s ,  induced by p o s i t i v e  i o n s  o f  t h e  i o n i -  

zed gas envelope of t h e  Ear th .  

We s h a l l  cons ide r  i n  the  p r e s e n t  r e p o r t  on ly  t h e  p a r t  o f  

t h e  r e s u l t s  o f  t h e  experiments  w i th  t h r e e - e l e c t r o d e  t r a p s ,  v&ich 

were ob ta ined  i n  t h e  immediate v i c i n i t y  of  t h e  E a r t h  ( h 44RE). 
The r e s u l t s  ob ta ined  at g r e a t  d i s t a n c e s  from t h e  E m t h  w i l l  be d i s -  

cussed  i n  a s e p a r a t e  r e p o r t .  
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S i n c e  s t a t i s t i c a l l y  the most l u c r a t i v e  r e s u l t s  o f  e x p e r i -  

ments with t h r e e - e l e c t r o d e  t r a p s  i n  t h e  n e a r - t e r r e s t r i a l  p o r t i o n  

of t h e  t r a j e c t o r y  were obta ined  d u r i n g  t h e  f l i g h t  o f  t h e  second 

cosmic r o c k e t ,  launched toward t h e  Moon on 1 2  September 1959, 
i n  t h e  fo l lowing  we s h a l l  mostly d e s c r i b e  d a t a  o f  tha t  f l i g h t ,  

a l though r e s u l t s  ob ta ined  i n  the f i r s t  and t h i r d  S o v i e t  cosmic ro-  

c k e t s  w i l l  a l s o  be u t i l i z e d  C8 d 103. 
Four t h r e e - e l e c t r o d e  t r a p s  were i n s t a l l e d  at summits of  a 

t e t r a h e d r o n  i n s c r i b e d  i n  t h e  sphere o f  t h e  s p h e r i c a l  c o n t a i n e r  

w i t h  s c i e n t i f i c  payload,  having s e p a r a t e d  from t h e  second cosmic 

r o c k e t .  Each t r a p  c o n s i s t e d  of  an e x t e r n a l  semi-spher ica l  g r i d  

o f  30 mm r a d i u s  made of  n i c k e l ,  and i n s i d e  of  which t h e r e  was a 

f la t  nickel-made c o l l e c t o r .  Between t h e  c o l l e c t o r  and t h e  e x t e r i o r  

g r i d  t h e r e  \-:as a plane  i n n e r  vrolfram grid (Fig. 5) .  The p o t e n t i a l s  

I-:/- % 

o f  t r a p s '  e l c t r o d e s  r e l a t i v e  t o  

I t h e  frame of  t h e  c o n t a i n e r  were 

as follocrs : f o r  c o l l e c t o r s  

QK = ( - 60)+ (-= 40 ) V  

f o r  t he  i n n e r s c r e e n  o f  all t r a p s  

%2 = -200v:9 

and t h e  e x t e r i o r  sc reenof  t h e  

f o u r  t r a p s  had t h e  p o t e n t i a l s  : 

= -10, - 5 ,  0 and + 1 5 V  % Fig.  5. Scheme o f  a 3-electrode 
t r a p .  The magnitude of  t h e  e l e c t r i c  

c u r r e n t s  induced by charged p a r t i c l e s  h i t t i n g  t h e  t r a p s ,  were t r a n s -  

m i t t e d  t o  ground by way o f  r a d i o t e l e m e t r i c  a p p a r a t u s ,  which allowed 

d u r i n g  t h e  u t i l i z a t i o n  of c o l l e c t o r  c u r r e n t  a m p l i f i e r s  t o  r e g i s t e r  

p o s i t i v e  c o l l e c t o r  c u r r e n t s  I K  from 1 0  t o  50 a 10'loa and t h e  

n e g a t i v e  c o l l e c t o r  c u r r e n t s  t o  15 0 10°lOa. The i n s t a n t a n e o u s  v a l u e s  

o f  each c o l l e c t o r  c u r r e n t  were r e z i s t e r e d  twice  a minute. 

-1 0 
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I n  rev iewing  the  primary material i t  w a s  no ted ,  t h a t  a t  

d i s t a n c e s  from t h e  E r r t h ' s  s u r f a c e  of  l e s s  t han  20000km, s i g n i -  

f i c a n t  p o s i t i v e  c u r r e n t s  were observed i n  a l l  t r a p s ,  excep t  f o r  

t h o s e  with t h e  p o t e n t i a l  Y = +15 V d e c e l a r i n g  t h e  p o s i t i v e  i o n s .  

These c u r r e n t s  dropped r a t h e r  s h a r p l y  i n  t h e  r eg ion  h x(18 +20) t h .  

km. A t  t h e  same t ime ,  i n s i d e  t h a t  r e y i o n ,  t h e  magnitude o f  each 

t r a p ' s  c u r r e n t s  o s c i l l a t e d  r a t h e r  s t r o n g l y .  

J32 

F i g . 6  shows t h e  values of t h e  c o l l e c t o r  c u r r e n t s  i n  
t h e  t r a p  with Pg2= 16V, and Fig.  7 d e s c r i b e s  t h e  va lues  of t h e  

c u r r e n t s  I i n  t h e  t r a p s  with CP = O V ,  and CP = + 15 V ( the 
c u r r e n t s  o f  t h a t  last trap are  marked by c r o s s e s ) .  The observed 

o s c i l l a t i o n s  of c u r r e n t s  a r e  l i n k e d  wi th  t h e  f a c t ,  t h a t  b e i n g  d i s -  

p l aced  a long  t h e  t r a j e c t o r y ,  t h e  c o n t a i n e r  w i t h  t h e  s c i e n t i f i c  pay- 

l o a d  e f f e c t e d  s imul t aneous ly  complex fas t  r o t a t i o n a l  motions,  indu- 

c i n g  cont inuous  v a r i a t i o n s  i n  t h e  o r i e n t a t i o n  of  each trap r e l a t i v e  

t o  t h e  v e l o c i t y  v e c t o r  and the  d i r e c t i o n  t o  t h e  Sun. 

K g2 g2 

The g r e a t e s t  va lues  of c u r r e n t s  appa ren t ly  correspond t o  

c o n t a i n e r  o r i e n t a t i o n  c l o s e  t o  optimum o r i e n t a t i o n  f o r  t he  g iven  

t r a p  ( f o r  which t h e  normal t o  t r a p ' s  c o l l e c t o r  obviosuly  c o i n c i d e s  

wi th  t h e  c o n t a i n e r t s  v e l o c i t y  v e c t o r ,  f o r  t h e  f l u x  of  i o n s  t h e n  

r each ing  i n t o  t h e  t r a p  is g r e a t e s t ) .  That  i s  why t h e  v a r i a t i o n s  of 

t h e  va lues  Ik a long  t h e  t r a j e c t o r y ,  mostly dependent upon t h e  s u r -  

rounding medium, may be descr ibed  wi th  t h e  a i d  of  curves  enveloping  

t h e  g r e a t e s t  va lues  Ik; a t  the  same time t h e  e f f e c t  o f  c o n t a i n e r ' s  

r o t a t i o n  on t h e  r e s u l t s  of  the  experiment  may t o  a c e r t a i n  e x t e n t  

be n e g l e c t e d .  

F igu re  8 i n d i c a t e s  the boundar ies  o f  va r ious  t r a p s '  c o l l e c -  

t o r  c u r r e n t s  i n  t h e  considered p o r t i o n .  The absence o f  s i m i l i t u d e  

i n  t h e  course  o f  t h e  curves  of  F i g . 8  i s  appa ren t ly  exp la ined  by 

t h e  p e c u l i a r i t i e s  o f  v a r i a t i o n s  i n  t h e  o r i e n t a t i o n  o f  v a r i o u s  t r a p s  

r e l a t i v e  t h e  c o n t a i n e r ' s  v e l o c i t y  v e c t o r ,  and t h i s  is l i n k e d  with 

t h e i r  v a r i o u s  d i s p o s i t i o n  on  t h e  s u r f a c e  o f  t h e  c o n t a i n e r , r o t a t i n g  

i n  a complex f a sh ion .  
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.- 

P l o t t e d  is i n  F i g . 9 t h e  upper boundary o f  t h e  c o l l e c t o r  

c u r r e n t s  i n  t h e  t r a p s  wi th  g, =-lo V and 0 V, measured d u r i n g  
g2 

t h e  f l i g h t  of t h e  c o n t a i n e r  of t h e  

2 Janua ry  1959. 

Fig.9 ( s e e  t e x t )  

1 - t r a p  wi th  'p = - 10 V 
3 - 11 11 11 = + 15 v. 
2 - It I 1  S L  0 ;  

f i r s t  S o v i e t  cosmic r o c k e t  on 

Fig.10 shows t h e  c o l l e c -  

t o r  c u r r e n t s  measured i n  t h e  

t r a p s  wi th  

d u r i n g  t h e  f l i g h t  o f  t h e  3 r d  

cosmic r o c k e t  i n  4 October  1959. 
I n  t h i s  case measurements were 

made o n l y  t o  a d i s t a n c e  h ~ 7 0 0 0 k m  

where t h e  f i r s t  s e r s i o n  of r ad io -  

cornmnnication vrith t h e  i n t e r p l a -  

n e t a r y  ses ,c ion te rmina ted .  

= - 1 O V  and +25V 
732 

It i s  i n t e r e s t i n g  t o  no te  

t h a t  s y s t e m a t i c  p o s i t i v e  c u r r e n t s  

were observed i n  t h e  t h r e e  i n d i -  

c a t e d  experiments  t o  about  2000 km, 
and whose n a t u r e  is obscure .  These 

r e f e r  t o  obse rva t ions  wi th  t r a p s  

wi th  g = + l 5 V .  
g2 

A t  a l t i t u d e s  above 2000 k m  o n l y  n e g a t i v e  c u r r e n t s  were obser -  

ved i n  all cases  i n  t r a p s ,  on whose o u t e r  s c r e e n s  t h e r e  was a dece- 

l e r a t i n g  p o s i t i v e  p o t e n t i a l .  These nega t ive  c u r r e n t s  were i-nduced 

by pho toen i s s ion  o f  e l e c t r o n s  from t h e  i n n e r  s c reen .  

The examinat ion o f  the  exper imenta l  d a t a  brought  o u t  shows 

t h a t  a t  d i s t a n c e s  from t h e  s u r f a c e  o f  t h e  Z a r t h  of  about  four E a r t h  

r a d i i ,  an i o n i z e d  p;as i s  being d e t e c t e d  wi th  a tempera ture  of t h e  

o r d e r  of mzgnitude n o t  exceeding 10 %. This  follows from a q u i t e  

c l e a r l y  v i s i b l e  i n  t h e  drawings s u b s t a n t i a l  e f f e c t  of  compara t ive ly  

s m a l l  d i f f e r e n c e s  i n  t h e  p o t e n t i a l s  of  t r a p s '  o u t e r  s c r e e n s  (5 V )  

upon t h e  maigni-i,xde o f  c o l l e c t o r  c u r r e n t s ,  inasmuch as t h e s e  dra-  

4 

wings r e f e r  t o  t h e  f l i g h t  of  t h e  seco:.:d cosmic r o c k e t .  



, 

To o b t a i n  q u a n t i t a t i v e  e s t i m a t e s  o f  p o s i t i v e  i o n  concentra-  

t i o n  at t h e  p o r t i o n s  o f  second cosmic r o c k e t ' s  t r a j e c t o r y  where 

h 4  RE, we u t i l i z e d  t h e  va lues  o f  t r a p s '  c u r r e n t s ,  when t h e  t r a p ' s  

e x t e r i o r  l ~ c r e e n  w a s  connected with t h e  c o n t a i n e r ' s  frame ,( q = 01, 
under  t h e  fo l lowing  admissions : 

g2 

1. The maximum r e g i s t e r e d  c u r r e n t  va lues  correspond t o  t h e  

optimum o r i e n t a t i o n  o f  t h e  t r a p  ( i n  t h e  s e n s e  emphasized above).  It 

is  c l e a r  t h a t  t h i s  admission may be cause of e r r o r  i n  t h e  determi-  

n a t i o n  o f  t h e  c u r r e n t  corresponding t o  t r a p ' s  optimum o r i e n t a t i o n .  

I n  each s e p a r a t e  case i t  is p o s s i b l e  though t h a t  t h e  c u r r e n t  r e g i -  

s t e r e d  is l e s s  t han  t h a t  cor res -  

ponding t o  t h e  optimum p o s i t i o n  

of  t h e  t r a p  by, s a y ,  50%. 

2. For t h e  optimum orien-  

t a t i o n  of t h e  t r a p  t h e  c u r r e n t  

o f  i o n s  g e t t i n g  i n t o  i t ,  may be 

e s t i m a t e d  a s  a c u r r e n t  on t h e  

p o r t i o n  of an i n f i n i t e  p lane  

p robe ,  moving wi th  t h e  conta i -  

n e r  v e l o c i t y  Vo i n  a plasma 

w i t h  a Maxwellian d i s t r i b u t i o n  

o f  i o n s ,  wi th  t h e  i o n  concen- 

t r a t i o n  n. and tempera ture  Ti' 
T h i s  admission is based upon 

t h e  f a c t  t h a t  t h e  r a d i u s  o f  t h e  

t r a p  i s  small i n  comparison 
wi th  t h a t  of t h e  c o n t a i n e r ,  and 

t h a t  t h e  s u r f a c e  o f  t h e  conside- 

r e d  ' t r a p  ( i t s  o u t e r , s c r e e n )  is 

e q u i p o t e n t i a l  wi th  t h e  c l o s e s t  

v i c i n i t y  of  t h e  c o n t a i n e r ' s  s u r -  

2. 
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Fig.10. Collector currents measured 
i n  t raps  ojit% 'P = - 10 V (1) and 
q g 2  = + 25 v (27 , n s t a l l e d  aboard 
the 3rd  cosmic rocket (4 October 195'9) 

f a c e .  It must be added t h a t  t h e  d e n s i t y  o f  t h e  i o n  c u r r e n t  on t h e  



- .  

. 
p o r t i o n  of c o n t a i n e r  s u r f a c e ,  normal t o  t h e  v e c t o r  of i t s  velo-  

c i t y ,  which does not  exceed i n  abso lu te  magnitude t h e  thermal  

v e l o c i t y  of i o n s ,  deper-ds s u b s t a n t i a l l y  l e s s  on t h e  s p h e r e ' s  po- 

t e n t i a l ,  t h a n  t h e  i o n  c u r r e n t  d e n s i t y  on t h e  o t h e r  p o r t i o n s  of t h e  

s u r f a c e .  

The c o r r e l a t i o n s ,  wi th  t h e  h e l p  of which t h e  i o n  concen- 

t r a t i o n  i s  determined by t h e  measured c u r r e n t s ,  a r e  examined i n  [61, 
and we have no p o s s i b i l i t y  t o  dwell  upon them i n  t h e  p r e s e n t  work. 

L e t  us on ly  n o t e ,  t h a t  n e a r  t he  E a r t h  t h e  c o n t a i n e r ' s  v e l o c i t y  

knowingly exceeds t h e  t h e r m l  v e l o c i t y  of i o n s ,  and t h a t  is why 

t h e  c u r r e n t ,  cor responding  t o  t r a p ' s  optimum o r i e n t a t i o n ,  must be 

l i t t l e  dependent on thermal  v e l o c i t i e s ,  and consequent ly ,  on i o n s '  

m a s s  and tempera ture  too .  

I f  we e s t i m a t e  t h a t  hydrogen i o n s  wi th  tempera ture  T = 2000°K 
r e a c h  t h e  t r a p ,  we p l o t  accord ing  t o  d a t a  o b t a i n e d  on 1 2  October  1959 
t h e  graph o f  i o n  c o n c e n t r a t i o n  v a r i a t i o n  wi th  h e i g h t ,  as shown i n  

F ig .11 .  The dependence of 
t h e s e  r e s u l t s  on t h e  assumed 

tempera ture  is q u i t e  s m a l l .  a 

A t  T = 50 000' K, t h e  curve 

descends o n l y  i n s i g n i f i c a n t l y ,  

The assumption t h a t  atomic oxy- 

geb i o n s  predominate a t  the  

cons ide red  h e i g t h s ,  and a l s o  

below 1000 km, a l s o  changes 

l i t t l e  t h r  r e s u l t s  ( t h e  reg ion  

o f  small g r a d i e n t s  may be expla ined  i f  t empera tu re  is i n c r e a s e d  

t o  15 000OK). 



I f  w e  p l o t  t h e  t h e o r e t i c a l  d i s t r i b u t i o n  of  hydrogen concentra-  

t i o n  by t h e  barometr ic  formula,  t a k i n g  i n t o  account  t h e  curva- 

t u r e  of  t h e  l a y e r s  o f  e q u a l  d e n s i t y ,  marked by b l a c k  c i r c l e s  i n  

Fig.  1% t h e  comparison o f  these  two curves  shows, t h a t  t h e  re- 

g i o n  cor responding  t o  h <15 000 km, is e a s 5 l y  exp la ined ,  while  

t h e  s h a r p  v a r i a t i o n  of  g r a d i e n t s  of  n. by a l t i t u d e  i n  t h e  r eg ion  

h > 1 5  000 k m  r e q u i r e s  a s p e c i a l  a n a l y s i s .  
1 

It must be s t r e s s e d ,  t h a t  t h e  e x i s t e n c e  of t h a t  r eg ion  

o f  i n c r e a s e d  nega t ive  g r a d i e n t s  is no t  s u b j e c t  t o  doub t s ,  f o r  t h e  

dec rease  o f  c o l l e c t o r  c u r r e n t s  is observed i n  t h r e e  t r a p s  wi th  

CF 
be expla ined  by an unfavorable  o r i e n t a t i o n  of  t h e  c o n t a i n e r .  

, < O , o r i e n t e d  i n  d i f f e r e n t  f a sh ion ,  and t h a t  is why i t  cannot  
g2 

Comparison of  curves  p l o t t e d  i n  Fig.11. p rov ides  t h e  

b a s i s  f o r  c o n s i d e r i n g ,  t h a t  beginning wi th  h 4 1 7 0 0  km (minimum 

h e i g h t  a t  which c u r r e n t  r e g i s t r a t i o n  by t r a p s  has  begun) t o  

h- ( 2 0 t  22) thousand k m .  t he  E a r t h  i s  sur rounded bu i o n i z e d  

hydrogen and t h a t ,  consequent ly ,  a t  h e i g h t s  from h & 1000 km and 

h & 1700 k m  t h e  ionosphere  changes from lloxygenixedll t o  Ifhydro- 

genized" . 
The experiments  j u s t  dec r ibed  have shown t h a t  t h e  E a r t h  

i s  surrounded by an i o n i z e d  gas s h e l l  of  t h i c k n e s s  t o  h s 4 R E  

wi th  i o n  c o n c e n t r a t i o n  of  the o r d e r  of  10  s u b s t a n t i a l l y  3 

exceeding  t h e  c o n c e n t r a t i o n  i n  t h e  i n t e r p l a n e t a r y  medium. 

The q u e s t i o n  o f  e s t i m a t e  of  i o n  c o n c e n t r a t i o n  i n  t h e  i n t e r p l a -  

n e t a r y  medium is examined at f u r t h e r  l e n g t h  i n  Ell]. 

4. CONCLUSION 

The r e s u l t s  o f  t h e  exper iments ,  expounded i n  t h e  prece-  

d i n g  pa rag raphs ,  which have been c a r r i e d  ou t  i n  t h e  o u t e r  ionosphe- 

r e ,  a l low t h e  c o n s t r u c t i o n  o f  an approximate v e r t i c a l  d i s t r i b u t i o n  



o f  f r e e  e l e c t r o n  concen t r a t ion  o r  (above t h e  F-region maximum) 

o f  t h e  p o s i t i v e  i o n  concen t r a t ion  i n  t h e  E a r t h ' s  gas envelope 

which is numer ica l ly  equal  t o  t h e  former ,  e n t i r e l y  based upon 

exper imenta l  d a t a .  S ince  such d i s t r i b t t i o n  ( F i g . 1 2 ) i s  based 

on meansurements , conducted from February 1958 through September 

1959, i t  n a t u r a l l y  r e f l e c t s  t h e  s t a t e  of  t h e  ionosFhere du r ing  

a pe r iod  c l o s e  t o  s o l a r  a c t i v i t y  maximum. 

/ I .  n n  . I  

F i g ,  
c onc 
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12, Approximate d i s t r i b u t i o n  i n  h e i g h t  of charged p a r t i c l e  
e n t r a t i o n  f o r  t h e  pe r iod  n e a r  t h e  s o l a r  a c t i v i t y  maximum. 

.r 

/ 

I n  c o n s t r u c t i n g  t h e  lower  p a r t  o f  t h e  graph we u t i l i z e d  

d a t a  o f  one o f  t h e  v e r t i c a l  l aunching6 o f  geophys ica l  rocke  

b 

ts 
(2J.'.February 1958). The middle p a r t  is c o n s t r u c t e d  accord ing  t o  

daka'on measurements ove r  a p o r t i o n  of  t h e  o r b i t  o f  t h e  3 rd  AES 
a t  time o f  i ts  56th  o r b i t  around t h e  Ea r th .  The p a r t  of  t h e  

graph wi th  h- 1400 km t o  h a 20 000 k m  i s  c o n s t r u c t e d  acco rd ing  

t o  d a t a  provided  by measurements aboard t h e  2nd cosmic r o c k e t .  

C e r t a i n  p o i n t s  a r e  p l o t t e d  n e a r  t h e  cu rve ,  which were ob ta ined  

a t  measurements at t h e  g iben  h e i g h t s  a t  a d i f f e r e n t  time ( e i t h e r  

on o t h e r  geophys ica l  rocke t s  o r  d u r i n g  o t h e r  o r b i t s  o f  t h e  3 r d  

AES, on t h e  3 rd  and f irst  cosmic r o c k e t s ) .  These p : ~ i n t s  c h a r a c t e r i -  

ze  t o  a c e r t a i n  e x t e n t  t h e  ionosphere v a r i a b i l i t y .  



20. 

Concerning t h e  p o i n t s  r e l a t i v e  t o  t h e  t h r i d  cosmic r o c k e t ,  

t h e  fo l lowing  should be noted:  Two t r a p s ,  with r e s p e c t i v e  poten- 

tials 4 = + 2 5  V and 9 = - 10 V i n  t h e i r  o u t e r  s c r e e n s  were 
g2 g2 

switched on t h e  near- the ground p o r t i o n  of  t h e  t r a j e c t o r y .  The 

= - 1 O V  r e s u l t e d  about  c u r r e n t s  r e g i s t e r e d  i n  t h e  t r a p  wi th  

f o u r  t imes  weaker t h a n  i n  t h e  t r a p s  o f  t h e  c o n t a i n e r s  of  t h e  1st 

. T h i s  may be ex- and 2nd cosmic r o c k e t s  wi th  the same va lue  

p l a i n e d  by c o n c e n t r a t i o n  decrease of  i o n s  at h e i g h t s  o f  t h e  o r d e r  

o f  1000 k m ,  bu t  at t h e  same t i m e  we cannot  c o n s i d e r  as excluded 

t h e  f a c t  t h a t  t h e  decreased  c u r r e n t  v a l u e s  a r e  expla ined  by t h e  

unfavorable  o r i e n t a t i o n  of  the t r a p  ( t h i s  a s s e r t i o n  cannot be v e r i -  

f i e d ,  s i n c e  t h e r e  were no o t h e r  t r a p s  switched on o v e r  t h a t  p o r t i o n  

o f  t h e  t r a j e c t o r y  wi th  

s u r f a c e  o f  t h e  c o n t a i n e r ) .  

%2 

% 

GO, and d i f f e r e n t l y  o r i e n t e d  at t h e  Q@ 

The measurements on the b a s i s  o f  which t h e  upper p a r t  o f  

t h e  graph w a s  c o n s t r u c t e d ,  were t h e  f i r s t  d i r e c t  experiments f o r  

t h e  s t u d y  o f  t h e  p e r i p h e r a l  p a r t  o f  E a r t h ' s  gas  envelope. They 

a r e  b u t  t h e  beginning  o f  t h e  i n v e s t i g a t i o n  o f  t h a t  reg ion .  

Numerous measurements of  i o n  c o n c e n t r a t i o n  i n  t h e  per iphe-  

ral p a r t  o f  t h e  E a r t h ' s  gas envelope must be conducted i n  t h e  fu- 

t u r e ,  and t h e  s t a b i l i t y  of  i ts h e i g h t  t o g e t h e r  wi th  i ts  dependtence 

on t h e  geographica l  l a t i t u d e  must be v e r i f i e d .  It should  be hoped 

t h a t  such measurements w i l l  a l low a m u l t i l a t e r a l  v e r i f i c a t i o n  of 

t h e  s t a b i l i t y  of !$hat r e g i o n ' s  c h a r a c t e r i s t i c s .  

Theor ies  of  ionosphere formation were e s t a b l i s h e d  a t  t imes,  

when t h e  only  source of in format ion  on t h e  s t r u c t u r e  of t h e  E a r t h ' s  

gas envelope r e s i d e d  i n  radiosounding with t h e  h e l p  o f  ground iono- 

s p h e r i c  s t a t i o n s ,  which explained s a t i s f a c t o r i l y  t h e  experimental  

d a t a  then  a v a i l a b l e .  The experiments wi th  t h e  a i d  o f  AES and cosmic 

r o c k e t s  compel us t o  s e e k  a way f o r  t h e  c r e a t i o n  o f  a new t h e o r y ,  

capable  of s a t i s f a c t o r i l y  e x p l a i n i n g  t h e  f a c t s  t h a t  became known 

l a t e l y .  Rela ted  - -  t o  t h e  number o f  such f a c t s  i n  p a r t i c u l a r  is 

t h e  s i g n i f i c a n t  i n c r e a s e  o f  nega t ive  c o n c e n t r a t i o n  g r a d i e n t s  d e t e c t e d  
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i n  t h e  15000 - 20000km range, n e a r  t h e  boundary of  t h e  E a r t h ' s  

g a s  envelope . 
Aside from t h e  a u t h o r ,  a s e r i e s  of  persons cooperated i n  

v a r i o u s  ways i n  t h e  p r o j e c t s :  V. A.  Rudakov and A. V. Kaporskiy 

p a r t i c i p a t e d  i n  working o u t  the a p p a r a t u s ,  i n  ca i  r y i n g  o u t  exper i -  

ments with t h e  d i s p e r s i o n  i n t e r e f e r o m e t e r  and i n  t h e  p r o c e s s i n g  o f  

r e s u l t s .  V. V. Beerukikh and V. D. Ozerov p a r t i c i p a t e d  i n  working 

o u t  t h e  devices  and conducting experiments  wi th  s l h e r i c a l  i o n i c  

t r a p s  on t h e  3 r d  s a t e l l i t e ,  t o g e t h e r  wi th  t h e  p r o c e s s i n g  df such 

r e s u l t s .  They were j o i n e d  by R. E. Rybchinskiy i n  working o u t  o f  

methods of experiments with t h r e e - e l e c t r o d e  t r a p s  and r e l e v a n t  

d e v i c e s .  Bes ides ,  i n  t h e  i n t e r p r e t a t i o n  r e l a t i v e  t o  t h e  exper imenta l  

r e s u l t s  of  t h i s  r e p o r t  ob ta ined  with t h e  a i d  of t h r e e - e l e c t r o d e  

t r a p s , a  group of  coworkers, c o n s i s t i n g  o f  I. S. Shklovskiy,  V. G .  

K u r t  and V. I. Moroe, a l l  o f  t h e  Astronomical I n s t i t u t e  i n  t h e  name 

o f  Shternberg ,  have also p a r t i c i p a t e d .  

T r a n s l a t e d  by ANDRE L.  BRICHANT 

f o r  t h e  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

2 3  September 1962 
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